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Description 

Field of the Invention 



[0001] The present invention relates to touch sensi- s 
tive devices or touch sensors. More particularly, the 
present invention relates to a capacitive sensor for pro- 
viding a position signal indicative of where the sensor 
was touched by a fingertip, utensil, or other body. 

10 

Background of the Invention 

[0002] Capacitive touch sensors generally include a 
sensor array configured as a matrix of sensor bars ar- 
ranged in horizontal and vertical directions. Each sensor '5 
bar is coupled to a control circuit. The control circuit 
measures capacitive loading on the array to determine 
the position or location of the touch on the matrix. The 
control circuit measures capacitive loading by providing 
a drive signal to each sensor bar and receiving a sensor 20 
signal from each sensor bar. The control circuit analyzes 
the sensor signals to measure the capacitive loading on 
the matrix. The measurement of capacitive loading on 
the horizontal sensor bars allows the capacitive touch 
sensor to determine the vertical location of the touch, 25 
and the measurement of capacitive loading on the ver- 
tical sensor bars allows the capacitive touch sensor to 
determine the horizontal location of the touch. 
[0003] Sensor arrays including sensor bars disposed 
in both vertical and horizontal directions have certain 30 
drawbacks. For example, a sensor array having a matrix 
of sensor bars generally requires a large number of lay- 
ers which are expensive to manufacture. Also, each bar 
(or set of bars) requires separate sense, drive, and 
switching circuitry within the control circuit. Further, in- 35 
terleaving sensor bars in two directions (e.g., horizontal 
and vertical) increases the cost of the sensor array and 
detrimentally affects the optical performance of the dis- 
play. Therefore, there is a need for a sensor array having 
a reduced number of sensor bars which does not utilize 40 
an interleaved matrix of sensor bars. 
[0004] DE 3439337 A1 describes a combined display 
panel and touch-switch. The panel has a dielectric sub- 
strate on the front of which is a transparent conductive 
layer. The rear side of the substrate is an arrangement 45 
of horizontal parallel electrode bars. Behind the horizon- 
tal electrode bars is a layer of electro-luminescent phos- 
phor material which has an arrangement of vertical elec- 
trode bars on its rear surface. When used as a display, 
the required pixels are lit by applying positive and neg- so 
ative pulses to the appropriate horizontal and vertical 
electrode bars. For use as a touch sensitive switch the 
horizontal electrode bars are divided into a first and a 
second group, the first group being connected to input 
electrodes on one side of the array, the second group ss 
being connected to input electrodes on the same side 
and in addition to readout electrodes at the other side. 
Excitation signals are provided to the input electrodes 
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of the bars of the first^^) and, by capacitive coupling, 
the bars of the second group receive induced signals 
from these excitation signals."* If the conductive layer is 
touched the capacitive coupling between the first and 
second group changes and the changed capacitive cou- 
pling can be sensed from the readout electrodes in order 
to provide a switch signal. However, the electrode bars 
are not used in order to determine a touch position within 
the area of the first and second group of electrodes. 
[0005] Conventional single sheet capacitive touch 
sensors are problematic because they are susceptible 
to body or proximity effects which can significantly de- 
crease the accuracy of the touch localization when used 
with thick dielectrics. Proximity effects cause the sensor 
array to be prone to "false" or otherwise inaccurate 
touch signals or sensor signals. For example, a large 
conductive body proximate the sensor array may cause 
the capacitive touch sensor to generate a touch signal 
(a signal indicating that the array has been touched) 
when a hand or other object nears the sensor array. The 
capacitive nature of the large conductive body affects 
the capacitive loading of the sensor array and may even 
appear as a touch to the capacitive touch sensor. Large 
conductive bodies may be hands, forearms, or other ob- 
jects which can affect the capacitive sensing of the sen- 
sor array even though the object is not in contact with 
(up to several feet away from) the sensor array. 
[0006] Proximity effects are also associated with a 
display. A high dielectric constant in the substrate re- 
sults in capacitive loading from conductive bodies to the 
rear of the sensor array and also results in proximity ef- 
fects. Heretofore, capacitive touch sensors have thin di- 
electrics such as a 0.025 mm (0.001 inch) or less layer 
of silicon dioxide. The thin face plate or layer is less af- 
fected by the proximity effects. However, thin face plates 
are prone to scratching and wear. 
[0007] Conventional capacitive touch sensors are al- 
so disadvantageous if they are used with thick dielec- 
trics because they- are susceptible to electromagnetic 
noise from electronic components associated with the 
display or other devices external the sensor and subject 
to proximity effects. Capacitive sensors often employ a 
rear guard layer to prevent electric and magnetic inter- 
ference generated by the display or other electrical com- 
ponents from affecting the measurement of capacitive 
loading. The rear guard layer is generally a transparent 
conductor which is placed on the rear surface of the sen- 
sor. Rear guard layers are expensive and often degrade 
the optical performance of the display, especially the 
performance of flat screen displays. 
[0008] Thus, there is a need for a capacitive touch 
sensor having a sensor array which is easy to manufac- 
ture and low cost. Preferably, the sensor array has a re- 
duced number of sensor bars. Also, there is a need for 
a capacitive touch sensor which does not require a rear 
guard layer and can be utilized with a screen or window 
having a thick face layer. Further, there is a need for a 
capacitive touch sensor which is less susceptible to 
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proximity effects and external ^^kmagnetic noise. 
Additionally, there is a need for ^Hpacitive sensor to- 
pology which is usable with thick dielectrics and which 
exhibits stability. 

[0009] EP 0 609 021 A discloses a capacitive touch 5 
sensor according to the preamble of claim 1 . 

Summary of the Invention 

[0010] According to one aspect of the present inven- 10 
tion, a capacitive touch sensor is provided as defined in 
claim 1. According to another aspect of the present in- 
vention, a method of locating a position of a touch on a 
touch sensor is provided as defined in claim 6. Claims 
2 to 5 and 7 to 1 1 set out particular embodiments of the is 
invention. 

[0011] The present invention thus relates to a capac- 
itive touch sensor for sensing a touch. The touch sensor 
includes a plurality of conducting bars, and a control cir- 
cuit coupled to the plurality of conducting bars. The plu- 20 
rality of conducting bars are configured in an arrange- 
ment wherein each bar is substantially parallel to a first 
axis and substantially perpendicular to a second axis. 
The control circuit is coupled to the plurality of conduct- 
ing bars and provides an excitation signal to the bars. 
The control circuit receives a capacitive sense signal 
from the conductive bars and provides a position signal 
indicative of the position of the touch on the arrange- 
ment. The position signal indicates the position along 
the first axis and the position along the second axis. The 
control circuit is arranged to determine a closest bar of 
the arrangement of bars in response to the sense sig- 
nals, the closest bar being a bar nearest the touch, 
thereby determining a first position of the touch along 
the second axis, and to provide an excitation signal to 35 
each end of the plurality of sensor bars, and to receive 
a capacitive sense signal from each end of the plurality 
of sensor bars and to determine the second position 
along the first axis by analyzing the capacitive sensor 
signals from each end of the closest sensor bar. *o 
[0012] The present invention also relates to a method 
of locating the position of a touch on a touch sensor in- 
cluding an array of bars disposed in parallel to a first 
axis and a control circuit. The control circuit provides 
excitation signals to a first side of the array, receives 
sense signals at a second side of the array, provides 
excitation signals to the second side of the array, and 
receives sense signals at the first side of the array. The 
method includes, La., the steps of: 
determining a first position of the touch along a second 
axis perpendicular to the first axis by determining a clos- 
est bar in response to the sense signals, the closest bar 
being a bar nearest the touch; and determining a second 
position of the touch along the first axis by analyzing the 
sense signal received on the first side of the array and 55 
the sense signal received on the second side of the ar- 
ray of the closest bar. 

[0013] According to a preferred embodiment, the 
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present invention also^^es to a capacitive touch 
screen for use with the display which provides images 
on its face with the features of claim 5. The touch screen 
is situated proximate the face of the display and the con- 
trol circuit is arranged for generating a position signal 
indicative of the vertical and horizontal location of a 
touch. The capacitive sensor array consists of bars ex- 
tending only in a horizontal direction. 
[0014] The touch sensor of the present invention has 
a sensor array and can include a power supply, an ex- 
citation driver for providing an excitation signal, a control 
circuit, and a floating interface circuit. In this embodi- 
ment, the excitation driver and control circuit are cou- 
pled to the power supply. The floating interface circuit is 
coupled to the power supply, the sensor array, the exci- 
tation driver and the control circuit. The floating interface 
circuit receives a power signal referenced to the excita- 
tion signal. The excitation driver provides the excitation 
signal to the sensor array through the floating interface 
and the control circuit receives a sense signal from the 
sensor array through the floating interface circuit. 
[0015] In an embodiment in accordance with the 
present invention the capacitive touch sensor includes 
a capacitive sensor array and a control circuit, wherein 
the control circuit provides an excitation signal and re- 
ceives a differential signal. The control circuit generates 
a control signal indicative of a position of a touch in re- 
sponse to the differential signal. An interface circuit is 
referenced to the excitation signal. The interface circuit 
is coupled between the control circuit and the capacitive 
sensor array. The control circuit is referenced to ground. 
[0016] In an embodiment in accordance with the 
present invention, the capacitive touch screen may 
sense a touch through an isolated signal plane which is 
driven by the excitation waveform. The isolated signal 
plane is a floating interface which can include a pream- 
plifier, electrostatic discharge (ESD) protection, and sig- 
nal processing circuits. The use of a floating isolation 
circuit reduces the effects of external interference, 
thereby increasing the accuracy of touch sensing and 
localization. 

[0017] In accordance with the present invention, the 
sensor array associated with the capacitive touch 
screen includes an array of bars extending in a single 
direction. The bars are preferably comprised of indium 
tin oxide (ITO) oriented in the machine direction of roll 
coated ITO for superior linearity. 
[0018] The capacitive touch screen of the present in- 
vention may utilize differential sensing signals to detect 
low level signals. The use of differential signals reduces 
the proximity effects and thereby allows the use of lam- 
inated screens or screens having thick dielectrics. Dif- 
ferential signals also eliminate the need for a rear guard 
layer in some instances. 

[0019] In still another embodiment of the present in- 
vention, the control circuit associated with the touch 
screen having horizontal bars may interpolate between 
sensing bars to determine a more accurate vertical po- 
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sition. The control circuit als^Bses the horizontal po- 
sition by driving excitation signals on one side of the ar- 
ray and receiving sensor signals from the other side of " 
the array. The sensor signals are advantageously de- 
veloped across the elements in order to determine ver- s 
tical and horizontal coordinates. 

Brief Description of the Drawings 

[0020] The invention will hereafter be described with io 
reference to the accompanied drawings, wherein like 
numerals denote like elements, and: 

Fig. 1 schematically illustrates a capacitive touch 
sensor in block diagram form in accordance with an is 
exemplary embodiment of the present invention; 
Fig. 2 schematically illustrates a sensor array for the 
capacitive touch screen illustrated in Fig. 1 ; 
Fig. 3 is a flow chart showing the operation of the 
capacitive touch sensor illustrated in Fig. 1 ; 20 
Figs. 4A-I are detailed electrical schematics of a 
control circuit for a sensor similar to the capacitive 
touch sensor illustrated in Fig. 1 in accordance with 
another exemplary embodiment of the present in- 
vention; and 25 
Fig. 5 is a timing diagram illustrating the generation 
of the excitation and sensor signals produced by the 
capacitive touch sensor illustrated in Fig. 1. 
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Detailed Description of the Preferred Exemplary 
Embodiment 
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[0021] Fig. 1 is a schematic block diagram of a touch 
screen or capacitive touch sensor 15 including a capac- 
itive sensor array 20 which is operatively associated 35 
with a display 22. (Display 22 is shown physically asso- 
ciated with array 20, but is not a part of sensor 15.) Ca- 
pacitive touch sensor 15 may be used with a variety of 
display devices, such as a CRT, LCD, projector, printed 
overlay, printed underlay or other arrangement which 40 
provides display information from which a user makes 
a selection. Alternatively, capacitive touch sensor 15 
may be a hand held tablet or other device located prox- 
imate a display, such as a billboard, sign, or menu. The 
user may touch sensor 15 to select data or otherwise 45 
provide information. 

[0022] Array 20 is preferably mounted within a sand- 
wich of dielectric layers (e.g., approximately 1.02 mm 
(.040 inches) under a front surface) or on a rear surface 
of a window (not shown) which is located in front of dis- so 
play 22. The window is typically held by a grounded 
metal bezel surrounding the periphery of the window. A 
guard layer (not shown) can be applied to the rear sur- 
face of the window over array 20 to shield array 20 from 
electromagnetic interference. 55 
[0023] Capacitive touch sensor 15 includes a control 
circuit 25 coupled to sensor array 20 via an electromag- 
netic link 100. Control circuit 25 includes a pre-amp or 



isolation interface 28WB a fixed circuit 27. Fixed circuit 
27 includes a power supply 30, an oscillator 32, a proc- 
essor 34, a level shifting circuit 36, a timing circuit 38, a 
re-timing and direct access circuit 40, a waveform gen- 
erator 42, an excitation driver 44, a synchronous rectifier 
46, a level shifting circuit 48, a direct current (DC) am- 
plifier 50, an analog-to-digital (A/D) converter 52, and a 
register 54. Fixed circuit 27 is coupled to interface 28 
via a conductor 82, a conductor 81, a conductor 61, a 
conductor 92 and a conductor 94. 
[0024] Fixed circuit 27 is powered by power supply 30 
which provides a VCC voltage level at a conductor 60 
and a ground voltage level at a conductor 62. Power 
supply 30 preferably provides the VCC voltage level at 
+5V for fixed circuit 27. Power supply 30 provides a 
+12V signal at a conductor 61 for interface 28. Also, 
power supply 30 provides a +5V analog power signal, 
an analog ground power signal, and other power signals 
for capacitive touch sensor 1 5. Power supply 30 may be 
configured to provide a variety of voltage levels such as 
+5V, +12V, -12V, ground, or other necessary voltage lev- 
els. 

[0025] Isolation interface 28 includes an electrostatic 
discharge (ESD) protection circuit 70, a multiplexer con- 
trol circuit 72, an analog switch circuit 74, a multiplexer 
circuit 76, a shunt regulator 85, and a preamplifier 78. 
Interface 28 is preferably a floating circuit and is pow- 
ered through a +12V signal provided by conductor 61 
from supply 30 through a current source 80. Capacitive 
touch sensor 15 may be configured for use with a variety 
of voltage levels such as -12V or +24V in accordance 
with design criteria for sensor 15. interface 28 may uti- 
lize transformers, converters, or other devices for iso- 
lating array 20 from fixed circuit 27. Circuits within inter- 
face 28 are preferably powered between a positive pow- 
er conductor 86 and a negative power conductor 89! 
[0026] Current source 80 provides power to shunt 
regulator 85 which is referenced to an excitation signal 
(drive signal) from excitation driver 44 on a conductor 
82. Therefore, the power signal between conductors 86 
and 89 for interface 28 is referenced to the excitation 
signal. The power rides on the excitation signal provided 
to interface 28 (e.g., the power between conductors 86 
and 89 is referenced to the excitation signal), thereby 
isolating electromagnetic interference and allowing the 
excitation signals and sensor signals to be provided 
without ground interference from fixed circuit 27. Fur- 
ther, referencing isolation interface 28 to the excitation 
signal prevents small amounts of parasitic capacitance 
in multiplexer circuit 76 and ESD protection circuit 70 
from affecting the integrity of the sensor signals and pro- 
vides a high common mode rejection ratio. 
[0027] Sensor array 20 is coupled to control circuit 25 
through isolation interface 28. Hence, array 20 is effec- 
tively floating or isolated (e.g., array 20 is referenced to 
the excitation signal). Interface 28 is coupled to level 
shifting circuit 48 via conductors 92 and 94, multiplexer 
control circuit 72 via conductor 81 , and excitation driver 
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44 via conductor 82. Powerinc^|^or array 20 and in- 
terface 28 with a power signal upon which the excitation 
signal rides advantageously increasesihe accuracy of 
the touch localization by reducing common mode com- 
ponents on the sensor signals from preamplifier 78. Al- 
ternatively, isolation interface 28 may be powered by a 
DC to DC converter having outputs riding on the excita- 
tion signal. 

[0028] The operation of sensor 15 is discussed gen- 
erally below with reference to Fig. 1 . Processor 34, op- 
erating resident software, provides encoded bits or dig- 
ital excitation control signals to register 54 so that con- 
trol circuit 25 produces an excitation signal or waveform 
for eventual reception by sensor array 20. After the ex- 
citation signal is provided to array 20, processor 34 re- 
ceives a digital representation of sensor signals via A/ 
D converter 52. The sensor signals are indicative of the 
capacitive loading on array 20. Processor 34 deter- 
mines the location of the touch by analyzing the sensor 
signals. 

[0029] Timing circuit 38, re-timing circuit 40, wave- 
form generator 42, and excitation driver 44 cooperate to 
produce the excitation signal in response to excitation 
control signals provided by register 54. The excitation 
control signals program the duty cycle and frequency of 
the excitation signal and coordinate the reception of the 
sensor signals by multiplexer circuit 76. The excitation 
signal is preferably an analog pulsing signal; an exem- 
plary excitation signal is described in more detail with 
reference to Fig. 5 below. Alternatively, processor 34 di- 
rectly produces the excitation signal through a digital- 
to-analog (D/A) converter, current mirrors, or other an- 
alog circuits and provides the excitation signal to driver 
44. In this embodiment, processor 34 may be a micro- 
computer such as an 80C52, a digital signal processor, 
a general purpose microprocessor, or other similar dig- 
ital processor. 

[0030] Timing circuit 38 generates the digital repre- 
sentation of the excitation signal utilizing counters such 
as a Johnson decade counter and other logic circuitry 
(not shown). The digital representation is created from 
a pulse signal generated from a 16 MHz signal provided 
by oscillator 32. The pulse signal is provided to re-timing 
circuit 40. Re-timing circuit 40 re-synchronizes the dig- 
ital representation to eliminate propagation delays as- 
sociated with register 54 and timing circuit 38 and re- 
duces "jitter - and other noise associated with the pulse 
signal. The digital representation is provided to wave- 
form generator 42. Alternatively, circuits 38 and 40 may 
be eliminated and processor 34 may be configured to 
internally generate the digital representation of the ex- 
citation signal. 

[0031] Waveform generator 42 provides the excitation 
signal to excitation driver 44 in response to the digital 
representation. Waveform generator 42 is preferably an 
operational amplifier (not shown in Figure 1) configured 
as an integrator with analog switches which appropri- 
ately inject positive and negative current to the inputs of 



the amplifier so that t^^piifier generates the excita- 
tion signal. In this preferred embodiment, the excitation 
signal is a burst of 1 6 trapezoidal waveforms. Each burst 
lasts 500 milliseconds; each waveform is comprised of 

5 two complimentary ramps with a dwell period between 
the ramps. In this embodiment, the excitation signal has 
a 3V peak-to-peak amplitude. For thicker dielectrics, 
substantially higher excitation voltage levels up to ap- 
proximately 20V peak-to-peak may be required. 

10 [0032] Excitation driver 44 provides the excitation sig- 
nal at conductor 82 for reception by analog switch circuit 
74. Excitation driver 44 is preferably an operational am- 
plifier configured to have a gain of 28. Analog switch 
circuit 74 is controlled by switch control signals on con- 

*5 ductor 75 provided by multiplexer control circuit 72. The 
switch control signals open and close switches such as 
4066 analog devices (not shown) in circuit 74 so that the 
excitation signal is appropriately provided to ESD pro- 
tection circuit 70 and across link 100 to sensor array 20. 

20 Processor 34 generates the switch control signals in re- 
sponse to the resident software and provides the signals 
through level shifting circuit 36 via conductor 86 to mul- 
tiplexer control circuit 72 so that the switches in analog 
switch circuit 74 are closed when the excitation signal 

25 is provided on conductor 82. 

[0033] The excitation signals are provided through 
ESD protection circuit 70 to sensor array 20. Circuit 70 
prevents large voltages and currents from passing be- 
tween sensor array 20 and interface 28 by clamping the 

30 signals on link 100. Also, circuit 70 provides proper bi- 
asing to array 20. 

[0034] When sensor array 20 is driven with the exci- 
tation signal, sensor array 20 provides sensor signals 
through link 100 and ESD protection circuit 70 to multi- 

35 plexer circuit 76 for eventual analysis by processor 34. 
The sensor signals are indicative of the capacitive load- 
ing on array 20 and are generally 2-20 mV waveforms 
(depending upon the thickness of the dielectric) riding 
on the 3V peak-to-peak excitation signal. Processor 34 

40 controls multiplexer circuit 76 by providing multiplexer 
control signals through level shifting circuit 36 to multi- 
plex control circuit 72. The multiplexer control signals 
cause multiplexer circuit 76 to select or sample particu- 
lar sensor signals from array 20. Preferably, multiplexer 

45 circuit 76 selects two sensor signals from array 20 and 
provides the sensor signals on conductors 1 1 3 and 1 1 5. 
[0035] Processor 34 provides the multiplexer control 
signals to multiplexer control circuit 72 in response to 
the resident software. Multiplexer circuit 76 is synchro- 

so nized with the excitation signal so that signals resulting 
from bursts of 16 trapezoidal waveforms of the excita- 
tion signal can be sensed on array 20. Multiplexer circuit 
76 advantageously reduces the circuitry required to an- 
alyze the sensor signals by allowing processor 34 to 

55 choose particular or selected sensor signals. Alterna- 
tively, preamplifier 78 could be configured to receive a 
larger number of sensor signals which could be trans- 
mitted to processor 34 for analysis. 
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[0036] Preamplifier 78 ar^Hb the sensor signals 
and provides the amplified senSr signals on conductors 
92 and 94 to level shifting circuit 48. Level shifting cir- 
cuits 36 and 48 translate the voltage levels between 
fixed circuit 27 and interface 28. Level shifting circuit 36 
adjusts the voltage level of switch and multiplexer con- 
trol signals provided by processor 34 to interface 28. 
Similarly, level shifting circuit 48 adjusts the sensor sig- 
nals provided by preamplifier 78 on conductors 92 and 
94 from the voltage level of interface 28 to the voltage 
level associated with fixed circuit 27. 
[0037] Level shifting circuit 48 provides the sensor 
signals to synchronous rectifier 46 via conductors 96 
and 98. Synchronous rectifier 46 provides band pass fil- 
tering, rectifies the sensor signals, and stores the differ- 
ence between the sensor signals as a sample signal. 
Synchronous rectifier 46 is controlled by re-timing circuit 
40 so that the sensor signals are rectified in accordance 
with the state of the excitation signal so that the AC sen- 
sor signals are appropriately stored as a dc sample sig- 
nal. More particularly, synchronous rectifier 46 appropri- 
ately gates the negative and positive cycles of the exci- 
tation signal such that they both contribute to sample 
accumulation. Synchronous rectifier 46 provides band 
pass filtering centered on the frequency of the excitation 
signal (e.g., 30 KHz). 

[0038] The sample signal is a charge accumulation 
associated with the difference between sensor signals 
on conductors 96 and 98; the higher the charge, the larg- 
er the capacitive loading associated with sensor array 
20. The sample signal is provided on a conductor 121 
and is representative of the difference between the sen- 
sor signal on conductor 96 and the sensor signal on con- 
ductor 98. The use of a difference signal advantageous- 
ly reduces parasitic capacitance effects and proximity 
effects associated with the bezel (not shown) or other 
external devices and rejects noise associated with sen- 
sor 15 and display 22. 

[0039] DC amplifier 50 amplifies the sample signal on 
conductor 121. DC amplifier 56 provides the amplified 
signal to A/D converter 52. A/D converter 52 is prefera- 
bly a serial A/D converter which provides a serial digital 
word to processor 34 indicative of the difference be- 
tween the sensor signals on conductors 96 and 98 (e. 
g., the sample signal). Processor 34 preferably analyzes 
the sample signal and determines whether a touch oc- 
curred and the localization of that touch on array 20. 
[0040] With reference to Fig. 2, sensor array 20 in- 
cludes 56 horizontal sensor bars 105. A left side 107 of 
horizontal bars 105 are grouped into seven sets 108A- 
G of eight bars 105. A right side 109 of horizontal bars 
105 are grouped into eight sets 110A-H of seven hori- 
zontal bars 105. 

[0041] Link 100 includes left conducting lines 120A-H 
and right conducting lines 1 30A-G. A first left conducting 
line 120 A is coupled to a first bar of bars 105 in each of 
sets 108A-G. An eighth conducting line 120H is coupled 
to an eighth bar of bars 105 in each of sets 108A-G. 
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Conducting lines W are coupled to the second 
through seventh bars of each of sets 108A-G, respec- 
tively. Similarly, a first right conducting line 130A is cou- 
pled to a first bar of bars 105 in each of sets 110A-H. A 
5 seventh conducting line 1 30G is coupled to a seventh 
conducting bar in each of sets 1 1 0A-H. Conducting lines 
130B-130G are coupled to the second through sixth 
sensor bars of sets 110B-G, respectively. Link 100 fur- 
ther includes guard conductors 1 03A and B surrounding 
10 the periphery of array 20. Guard conductors 103A-B 
eliminate parasitic loads associated with the bezel and 
- other components. Guard conductors 103A-B are driv- 
en with the excitation signal. Conducting lines 120A-H 
and 130A-G coupled to ESD protection circuit 70. 
'5 [0042] Sensor bars 105 are preferably made of indium 
tin oxide (ITO). In one embodiment, bars 1 05 may cover 
the entire area or beyond the periphery of display 22. 
Each bar 105 is 0,38 mm (0.149 inches) by 286 mm 
(11.25 inches) and has a conductivity of 300 ohm per 
20 square ITO. Each bar has an impedance of approxi- 
mately 22K ohm from left side 1 07 to right side 1 09. Pref- 
erably, bars 105 are oriented in the machine direction of 
roll coated polyester, thereby advantageously exhibiting 
good linearity with respect to resistance. Bars 105 are 
2S preferably formed in a printing process, photo-litho- 
graphic technique, or scored with a laser. Bars 105 may 
also be comprised of tin oxide, indium antimony tin ox- 
ide, or other transparent conductors. 
[0043] Sensor bars 105 are spaced 0,38 mm (0.015 
30 inches) apart from each other. Therefore, the top of a 
first conducting bar 105 is 4, 17 mm (0.164 inches) from 
a top of a second conducting bar 1 05. The width of each 
bar is preferably less than a typical contact area caused 
by touching sensor array 20 with a finger (less than 6,35 
35 mm (0.25 inches)). Sensor array 20 is 234 mm (9.2 inch- 
es) by 292 mm (1 1 .5 inches). Lines 1 20A-H and 1 30A- 
G are silver ink conductors. The above dimensions, 
characteristics and materials are given as an exemplary 
embodiment only, and do not limit the scope of the in- 
40 vention as recited in the claims. A sensor array 20 may 
be designed with various numbers of sensor bars of var- 
ious sizes without departing from the invention. 
[0044] The operation of sensor 1 5 is discussed below 
with reference to Figures 1-3. Generally, processor 34 
is programmed to localize a touch with a high degree of 
accuracy by performing five phases of operation to de- 
tect and localize a touch (Figure 3). Control circuit 25 
performs a detection phase 400 which scans array 20 
to determine if a contact has occurred; a validation 
so phase 41 0 to determine if the contact is a "single - , "bon- 
afide" touch of array 20; a vertical localization phase 420 
to determine about which bar 105 the touch is centered; 
a vertical interpolation phase 430 to determine the ver- 
tical position of the touch to a high degree of accuracy; 
55 a horizontal localization phase 440 to determine the hor- 
izontal position to a high degree of accuracy; persist- 
ence phase 450 to determine if the touch has moved; 
and a release phase 460 to determine if the touch has 
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ceased. The persistence phase 450^j^elease phase 
460 are optional and are not necessary for touch local- 
ization. 

[0045] In operation, processor 34, configured accord- 
ing to resident software, provides control signals to reg- 
ister 54 so that the excitation signal is provided on con- 
ducting lines 120 A-H and 130A-G in detection phase 
400. More particularly, driver 44 provides the excitation 
signal at conductor 82 to analog switch circuit 74. Ana- 
log switch circuit 74 includes analog switches (not 
shown) coupled in series with circuit 70. When the an- 
alog switches are closed, the excitation signal (e.g., 
eight trapezoidal waveforms to side 107 and eight trap- 
ezoidal waveforms to side 109) is provided to lines 
120A-H and 130A-G. When the excitation signal is pro- 
vided to one side of bars 1 05 (e.g., side 1 07 of bars 1 05), 
the other side of bars 105 (e.g., side 109) is simultane- 
ously grounded. The analog switches are controlled by 
the switch control signals provided to multiplexer control 
circuit 72 through shift circuit 36 by processor 34. 
[0046] In detection phase 400, control circuit 25 is de- 
termining as rapidly as possible if sensor array 20 has 
been touched. Control circuit 25 samples every adjacent 
pair of lines 120A-H and 130A-G. Alternatively, control 
circuit 25 can rapidly sample every other pair of .ines 
1 20 A-H and 1 30A-G on only one side of array 20, there- 
by reducing the amount of time required to sense a 
touch. Control circuit 25 samples the lines 120A-H and 
130A-G by providing the excitation signal to one side of 
array 20 (e.g., to lines 120A-H) and receiving sensor sig- 
nals from the other side of array 20 (e.g., from lines 
130A-G). The sampling rate is approximately 4 KHz. 
[0047] The sensor signals on the pairs of lines 1 20A- 
H and 130A-G are received through circuit 70 by multi- 
plexer circuit 76. Multiplexer circuit 76 selects sensor 
signals on particular lines 120A-H and 130A-G in re- 
sponse to the multiplexer control signals received by 
multiplexer control circuit 72. Multiplexer control circuit 
72 and processor 34 cooperate to ensure that lines 
1 20A-H and 1 30A-G are appropriately selected and pro- 
vided in correct synchronization with the excitation sig- 
nal. The selected sensor signals are provided on con- 
ductors 113 and 115 to preamplifier 78. Preamplifier 78 
preferably has a gain of 6 and provides the sensor sig- 
nals on conductors 113 and 115 to conductors 92 and 
94, respectively. 

[0048] Synchronous rectifier 46 provides a differential 
(sample) signal on conductor 121 representative of the 
difference between the sensor signals on conductors 
113 and 115. The difference signal is amplified by am- 
plifier 50 and provided as serial data to processor 34 by 
converter 52. In one cycle of the sampling, processor 
34 provides the excitation signal and receives sensor 
signals for eight pairs of lines 120A-H and seven pairs 
of lines 130A-G. 

[0049] As processor 34 receives the data for each 
sampled pair of conducting lines 120A-H and 130A-G, 
processor 34 compares the data for each pair to the run- 



ning average sample signd^^hat pair. If the data is 
an incremental change from the running average (e.g., 
over 2-5% of full scale), the pair at conducting lines 
120A-H and 130A-G is flagged as a potential touch. 
5 (The running average is continuously updated as sensor 
signals are received; however, a flagged sample pair is 
not used to adjust the running average). 
[0050] If the same pair is flagged in two successive 
cycles of samples, processor 34 concludes that a touch 
io has been sensed. Thus, initial detection of a touch gen- 
erally takes at least two passes of the excitation signal 
at a rate of 4 KHz. Therefore, processor 34 receives 1 6 
samples of pairs of sensor signals in 8 milliseconds to 
determine if a touch has occurred. Two passes of the 
is excitation signal include 32 trapezoidal waveforms. 
Preferably, the above-mentioned procedure of providing 
the excitation signal and receiving the sensor signals is 
repeated in detection phase 400 until a touch is sensed. 
[0051] When a touch is sensed, processor 34 advanc- 
20 es to validation phase 410 and determines whether the 
flagged pairs are legitimate or valid touches. To deter- 
mine whether a touch is valid, processor 34 samples ar- 
ray 20 to collect stable data. Preferably, the periods for 
sampling stable data exist in multiples of 16.666 miili- 
2S seconds so that each sample is 8.33 milliseconds apart, 
thereby providing notch filtering operations at 60 Hz. In 
validation phase 410, processor 34 preferably takes 
samples of stable data by receiving sensor signals from 
each pair of lines 120A-H and each pair of lines 130A- 
30 G. Thus, processor 34 sequentially measures or sam- 
ples the sensor signals between all lines 120 . A-H and 
1 30 A-G (e. g. , lines 1 30 A and B, 1 30 A and C, 1 30 A and 
D, etc.) 

[0052] In validation phase 410, processor 34 matches 

35 profiles of the sensor signals received from side 1 07 and 
side 109. Preferably, processor 34 determines the peak 
value of the data obtained from lines 120A-H (side 107 
of bars 105) and the peak value of the data from lines 
1 30A-G (side 109 of bars 105). Next, processor 34 de- 

40 termines the values of the side lobes associated with . 
the peak values for each of sides 107 and 109. The side 
lobes are the next highest data or values from lines 
120A-H and 130A-G. If the side lobes from each of side 
107 and 109 are within 5% after normalization with their 

*s respective peak, processor 34 considers the touch to be 
valid. If processor 34 does not identify side lobes of ap- 
propriate amplitudes, processor 34 does not consider 
the touch to be valid and returns to phase 400. 
[0053] After processor 34 has determined that a valid 

so touch has occurred, processor 34 advances to the ver- 
tical localization stage 430 and determines general ver- 
tical localization of the touch by determining the closest 
sensor bar 105 to the touch or the peak bar. A bar 105 
having the peak value is referred to as the peak bar. The 

55 closest sensor bar 105 is determined by comparing the 
peak data from conducting lines 120A-H and the peak 
data from conducting lines 1 30 A-G. For example, if the 
peak data for side 107 occurs on conducting line 120A 
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and the peak data for side^pbccurs on conducting 
line 130A, the first sensor bar of bars 105 is closest to 
the touch. If the peak data is received from conducting 
line 120A and conducting line 130C, the seventeenth 
conducting bar of bars 105 is nearest the touch. The s 
configuration of array 20 advantageously allows sensor 
bar 105 nearest the touch (e.g., the peak bar) to be de- 
termined and yet utilize a minimum number of conduct- 
ing lines 120A-H and 130A-G. 

[0054] The general vertical location is calculated ac- io 
cording to Equation 1 as follows: 



Bar number = modula 8 (R-L) x 7 + R 



0) 



where: 



After the gross vertical location is determined (the posi- 
tion of bar 1 05 closest the touch), processor 34 performs 
vertical interpolation at vertical interpolation stage 430 
to determine a more precise location of the touch. 
[0055] The sensor values for the peak bar and bar im- 
mediately above the peak bar and bar immediately be- 
low the peak bar may be utilized to interpolate a position 
between bars 105 at stage 430. For example, the verti- 
cal coordinate may be calculated according to Equation 
2 as follows: 



V=N-(n-1/n)+(n+1)/n 



(2) 



where: 



V = the vertical position of the touch; 

N = the peak bar number; 

n = the sensor value for the peak bar; 

n-1 = the sensor value for the bar above the peak; 

and 

n+1 = the peak value for the bar below the peak. 

Alternatively, the vertical coordinate can be calculated 
according to Equation 3 as follows: 

V=(N-(n-1/n)+(n+1/n)+(N-1 )-(n-2/n-1 )+(n/n-1 )+(N+1 )- 
(n/n+1)+(n+2/n+1))/3 (3) 

where: 

n-2 is the sensor signal value for bars two above 
the peak bar; and 



75 



Bar number = the number of the peak bar; 
R = the number of the line 130A-G (1 through 8) 
which corresponds to the peak data; and 20 
L = the number of the line 120A-H (1 through 7) 
which corresponds to the peak data. 



2S 



n+2 is the sen 
the peak bar. 
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ignal value for two bars below 



Equation 3 provides better interpolation and reduces 
nonlinearities associated with the circular contact region 
of a compressed finger. 

[0056] After vertical interpolation phase 430, proces- 
sor 34 advances to horizontal location phase 440 and 
analyzes the data to determine the horizontal location 
of the touch. Processor 34 determines the horizontal lo- 
cation of the touch by analyzing the data from lines 
1 20A-H and 1 30A-G. The data for the peak bar from side 
107 (conducting lines 120A-H) is multiplied by 8/7 or 
1.1428 to compensate for the difference the number of 
conducting lines 120 A-H and 130 A-G. The horizontal 
position is determined according to the Equation 4 as 
follows: 



H=R/ (L+R) 



(4) 



where: 



H = the horizontal position of the touch; 
R = the sensor signal for the peak bar received on 
conducting lines 130A-G; and 
L = the sensor signal value for the peak bar (adjust- 
ed) on conducting lines 120A-H. 



30 After the vertical and horizontal coordinates for the 
touch are found, processor 34 may be configured to 
store the coordinates or communicate the coordinates 
to other components associated with sensor 15. After 
the touch has been localized, processor 34 returns to 

& detection phase 400 or advances to persistence phase 
450. 

[0057] Persistence phase 450 encompasses two 
modes of operation, a dwell mode and a drag mode. In 
the dwell mode, if the touch is left at one point for an 

40 extended period of time, processor 34 may repeat sens- 
ing functions to further evaluate the location of the touch. 
Alternatively, in the dwell mode, processor 34 may pro- 
vide signals to array 20 to determine confidence levels 
for the coordinates. In yet another alternative, processor 

4S 34 may repeat sensing operation as the touch is re- 
leased. Sensor signals are generally more accurate as 
the touch is released from display 22. 
[0058] In the drag mode, processor 34 determines if 
the location of the touch is moving. For example, proc- 

so essor 34 may sample entire array 20, scan a side 107 
or simply bars 105 above and below the peak bar to de- 
termine if the location of the touch is moving. By sam- 
pling less than entire array 20, sensor 15 is able to ac- 
curately track quickly moving touches. After persistence 

ss phase 450, processor 34 enters the release phase 460 
and re-enters detection phase 400. 
[0059] Figures 4A-I show a detailed electrical sche- 
matic diagram of another preferred embodiment of con- 
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troi circuit 25 for use in sensor 15^^various circuits 
and operations discussed with reference to Figures 1-3 
are similar to those shown in Figures A-l. Control circuit 
25 in Figures 4A-! additionally includes a boost power 
supply 210 (Figure 4H), an analog power circuit 391 
(Figure 4A), a power supply 50 (Figure 4B), and a test 
circuit 393 (Figure 4E). Figures 4A-I include preferred 
exemplary component values, part numbers, and inter- 
connections. The specific component values, part num- 
bers and interconnections shown and described below 
are given in an exemplary fashion and do not limit the 
scope of the invention as recited in the claims. The op- 
eration and structure of control circuit 25 are discussed 
below with reference to Figures 4-5. 
[0060] Figure 5 shows an excitation signal 500 which 
is produced as a 20V peak-to-peak trapezoidal signal 
by control circuit 25 shown in Figures 4A-I. Excitation 
signal 500 changes from a negative peak 510 to a pos- 
itive peak 512 in approximately 10 microseconds; exci- 
tation signal 500 is provided with a repetition rate of ap- 
proximately 30-50 KHz. Excitation signal 500 preferably 
includes 1 6 trapezoidal waveforms such as a trapezoi- 
dal waveform 551. The generation of excitation signal 
500 as well as the control signals associated with exci- 
tation signal 500 are discussed below with reference to 
Figures 4A-I and 5. 

[0061] With reference to Figures 4A-I, processor 34 
(Figures 4A-B) includes an 80C52 microprocessor 35 
and a non-volatile storage circuit 37 for storing configu- 
ration data for sensor 15. Microprocessor 35 receives a 
16 MHz clock pulse from oscillator 32. Processor 34 is 
also coupled to register 54 which provides configuration 
signals to other components within sensor 1 5. The con- 
figuration signals are provided on conductors 55A and 
55C. The signals on conductors 55C are received by 
waveform generator 42 (Fig. 4H) and are used to test 
sensor 1 5, and the signals on conductor 55A program 
the slew rate of excitation signal 500 (Figure 5). 
[0062] Microprocessor 35 also provides a number of 
excitation control signals for generating excitation signal 
500. Microprocessor 35 provides synchronous control 
signals 531 A, 531 B, 531 C and 531 D (Figure 5) on con- 
ductors 231 A, 231 B, 231 C, and 231 D (Figures 4A and 
4G), respectively. Synchronous control signals 531 A-D 
are utilized to control analog switches 133A-D and 
135 A-D, respectively, in synchronous rectifier 46 (Fig- 
ure 4G). Microprocessor 35 also produces a charge sig- 
nal 502 at a conductor 302 and a discharge signal 504 
at a conductor 304 for controlling the charging and dis- 
charging of excitation signal 500 (Figures 4A and 4H). 
Microprocessor 35 provides a boost signal 506 at a con- 
ductor 306 and a preamplifier power signal 508 at a con- 
ductor 308 for controlling power supply 210 (Figs. 4A 
and 4H). Power supply 210 is a rapid startup, low noise 
. boost converter for powering excitation driver 44 when 
driver 44 provides the 20V peak-to-peak excitation sig- 
nal 500. Supply 210 is low noise by virtue of being syn- 
chronous with the excitation. 



[0063] Waveform gene^Bt2 cooperates with driver 
44, power supply 210, and^unt regulator 85 to provide 
excitation signal 500 across conductors 223 and 221. 
Generator 42 (Figure 4H) includes analog switches 
5 157A-C. Analog switches 157A-C have control inputs 
coupled to conductors 55 A. Microprocessor 35 through 
register 54 programs switches 157A-C with the signals 
on conductors 55A to adjust the slew rate of excitation 
signal 500. Current mirrors 160 and 1 62 of driver 44 pro- 
10 vide positive and negative current to conductor 82. The 
level of the current is set by the state of switches 1 57 A- 
C. Waveform generator 42 charges and discharges a 
capacitor 164A via conductor 161 . When a logic high (e. 
g., state 537 of charge signal 502) is provided on con- 
15 ductor 302, current mirror 160 provides current to ca- 
pacitor 164 A so that excitation signal 500 changes from 
positive peak 512 to negative peak 510 (e.g., to charge 
to a negative peak voltage). Capacitors 1 64B and 1 64C 
perform electro magnetic interference (EMI) suppres- 
20 sion functions. 

[0064] Similarly, microprocessor 35 provides logic 
high (state 539 of discharge signal 504) on conductor 
304 to discharge current from capacitor 164A. When 
logic high charge signal 502 is provided on conductor 
25 304, current mirror 1 62 draws current and excitation sig- 
nal 500 changes from negative peak 510 to positive 
peak 512 (e.g., discharges to a positive peak voltage). 
When discharge signal 504 and charge signal 502 are 
both a logic low, a dwell period 515 (e.g., no change in 
30 voltage level of signal 500) is provided on excitation sig- 
nal 500. Neither current mirror 1 60 or 1 62 draws current 
when signals 502 and 504 are a logic low Therefore, 
microprocessor 35 shapes excitation signal 500 via con- 
trol signals on conductors 55A and conductors 302 and 
35 304. Capacitors 81A-C are logic bypass capacitors for 
interface 28. 

[0065] Driver 44 is coupled to supply 210 via a con- 
ductor 341 E. Supply 21 0 is an inductive boost converter 
which provides the power to driver 44 for the generation 

40 of 20V peak-to-peak excitation signal 500. Microproc- 
essor 35 provides to supply 210 a power enable signal 
on conductor 308 which powers supply 210 through cur- 
rent source 80. Supply 210 generates 20 VDC across a 
diode 312 by driving current through an inductor circuit 

45 309. When boost control signal 506 is a logic low (e.g., 
a state 541), current travels through an inductor circuit 
309, thereby creating a magnetic field in inductor circuit 
309. As boost control signal 506 changes to a logic high 
(e.g., a state 533), transistor 311 is turned OFF and the 

so energy stored in inductor circuit 309 discharges into a 
capacitor 317. A boost signal 526 (Figure 5) represents 
the current traveling through inductor circuit 311. Pref- 
erably, microprocessor 35 synchronizes charge signal 
502, discharge signal 504, and boost control signal 506 

55 so that noise from supply 210 does not detrimentally af- 
fect excitation signal 500. Buffer circuit 228 advanta- 
geously provides a buffered reference to the chassis 
ground. 
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[0066] In this preferred embodftWPf, excitation signal 
500 is simultaneously provided to each of conducting 
lines 120A-H and 130A-G as well as guard conductors 
103A-B. The excitation signal is provided to a conductor 
222 in ESD protection and termination circuit 70. ESD s 
protection and termination circuit 70 is comprised of an 
ESD circuit 104 and a termination circuit 102. Circuit 104 
(Figure 40) provides a diode clamp circuit for preventing 
large voltages on conducting lines 120A-H and 130A- 
G. Circuit 102 (Figure 4C) provides a termination circuit "u> 
including termination resistors for interface 28 for recep- 
tion by conducting lines 120A-H and 130A-G (Figure 
4C). 

[0067] Multiplexer control circuit 72 (Figure 4E) in- 
cludes a shift register 1 75 and a logic circuit 1 95 coupled is 
to conductors 86A-C. Microprocessor 35 provides the 
multiplexer control signals on conductors 171 A-C (Fig- 
ure 4A). The multiplexer control signals are shifted by 
level shifting transistors 172A-C (Figure 41) and provid- 
ed on conductors 36A-C, respectively. Transistors 20 
172A-C shift the multiplexer control signals from the log- 
ic level associated with microprocessor 35 to the logic 
level associated with floating interface 28. The multi- 
plexer control signals are provided through logic circuit 
195 to shift register 175. Shift register 175 advanta- 25 
geously selects particular ones of conducting lines 
120A-H and 1 30A-G through multiplexer circuit 76 in re- 
sponse to the multiplexer control signals. Logic circuit 
195 also advantageously selects gains for preamplifier 
78 (Figure 4F) by providing gain signals on conductors 30 
224A and 224B in response to the multiplexer control 
signals. 

[0068] Multiplexer circuit 76 (Figure 4D) includes mul- 
tiplexers 180A-D. Multiplexer 186A has inputs 188 A 
coupled through protection circuit 70 to conducting lines 35 
120A-G. Multiplexer 180B has inputs 188B coupled to 
conducting lines 130A-G, respectively. Similarly, multi- 
plexer 180C has inputs 188C coupled to conducting 
lines 120A-G, and multiplexer 180D has inputs 1880 
coupled to conducting lines 1 30 A-G . Multiplexers 1 80 A- 40 
D provide the selected conducting line on outputs 1 99A- 
D, respectively. A selected signal on conducting lines 
199A-D is provided in response to the multiplexer con- 
trol signals provided from shift register 175 to control 
inputs 205A-D on multiplexers 180A-D, respectively. 45 
The selected conducting lines are provided to a selec- 
tion circuit 200 which utilizes an array of analog switches 
211 to select sensor signals from outputs 199A-D. Se- 
lection circuit 200 provides a first pair of sensor signals 
on conductors 151 A and 152A and a second pair on so 
conductors 151 Band 152B. Switches211 are controlled 
by selection signals from logic circuit 195. Also, a test 
circuit 320 is provided which is coupled to conductors 
55C. Test circuit 320 is utilized for testing array 20 and 
providing simulated touch signals to outputs 1 99A-D. 55 
[0069] The sensor signals on conductors 1 51 A-B and 
152A-B are provided to preamplifier 78 (Figure 4F). 
Preamplifier 78 is configured as a differential amplifier 



# 



and amplifies the sensor signals on conductors 151 A-D 
and 152A-B. Preamplifier 78 provides the amplified sen- 
sor signals to conductors 92A-B and 94A-B. Level shift- 
er 48 (Figure 4F) is comprised of transistors 253 which 
shift the reference level of the signals on conductors 
92A-B and 94A-B to ground reference levels associated 
with microprocessor 35. Level shift circuit 48 provides 
the signals received on conductors 92A-B and 94A-B to 
conductors 96A-B and conductors 98A-B, respectively. 
[0070] Synchronous rectifier 46 (Figure 4G) accumu- 
lates a charge associated with the sensor signals on 
conductors 96A and 98A in a capacitor 1 37C. Synchro- 
nous rectifier 46 accumulates a charge associated with 
the sensor signals on conductors 96B and 98B in a ca- 
pacitor 137D. Switches 133A-D and 135A-D are con- 
trolled by rectifier control signals 531 A-D (Figure 5) pro- 
vided on conductors 231 A-D by microprocessor 35 (Fig- 
ure 4A). The rectifier control signals 531 A-D are provid- 
ed in synchronization with excitation signal 500 so that 
the sensor signals are appropriately accumulated on ca- 
pacitors 138A-B. Microprocessor 35 provides rectifier 
control signals on conductors 231 A-D so that the sam- 
ple signals stored in capacitors 130A-B are representa- 
tive of the difference in capacitive loading between hor- 
izontal sensor bars 1 05 coupled to the selected conduct- 
ing lines of lines 120A-H and 130A-G. Switches 133A- 
B cooperate to provide sample signals on conductors 
137 A-B and 138 A-D on DC amplifier 50. 
[0071] DC amplifier 50 (Figure 4G) is preferably com- 
prised of operational amplifiers 295A-D. Amplifiers 
295A-D provide an amplified sample signal at amplifier 
output 121. The sampled signal received at conductor 
1 21 is selected by select signals provided on conductors 
299A and B. The select signal is provided by microproc- 
essor 35 so that only one sample signal of the sample 
signals on conductors 137A-B and 138A-B is provided 
on conductor 121. Processor 34 can adjust the gain of 
amplifiers 295A-B via switches 293A-B. Processor 34 
shorts capacitors 137C and 137D via switches 133A-0 
and 135A-D to prevent previous charge accumulations 
on capacitors 1 37C-D from affecting the current sample. 
A/D converter 52 receives the sample signal on conduc- 
tor 121. A/D converter 52 (Figure 41) includes a serial 
A/D converter 248 which receives the sampled signal at 
conductor 121 and provides a digital word (e.g., data 
representative of the sample signal) at conductor 124. 
Microprocessor 35 receives the data at conductor 124 
and analyzes the data in accordance with the resident 
software program. 

[0072] It is understood, while the detailed drawings 
and specific examples given described a preferred ex- - 
emplary embodiment of the present invention, therefore 
the purpose of illustration only. The apparatus and meth- 
od of the invention is not limited to the precise details 
and conditions disclosed For example, although a sen- 
sor may having sensor bars arranged in 8 and 7 hori- 
zontal groups, almost any number of groups could be 
used to form a sensor array. For example, larger 
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screens may utilize triangular pi^HIons into neighbor- 
ing bars. Various other bar profiles may be modified to 
allow mechanical interpolation. Further, single lines in 
the various drawings can represent multiple conductors. 
Still further, sensor bars arranged vertically or at any an- s 4. 
gle other than horizontal could be used, by programming 
processor 34 with appropriate trigonometric functions to 
convert location values derived from sensor bars ar- 
ranged at an angle to location values having horizontal 
and vertical coordinates. Even further still, implements- 10 
tlons intended for large scale integration may incorpo- 
rate 1 5 signal processing channels for simultaneous ac- 5. 
quisition of all signal pairs. Various changes can be 
made to the details disclosed without departing from the 
invention which is defined by the following claims. is 



Claims 

1. A capacitive touch sensor (1 5) for sensing a touch, 20 
including 

a plurality of sensor bars (105) configured in an 
arrangement (20) including bars (1 05) substan- 
tially parallel to a first axis and substantially per- 2s 
pendicular to a second axis, and 

a control circuit (25) coupled to said plurality of 
sensor bars (105) to provide an excitation sig- 
nal to the plurality of sensor bars (1 05), receive 30 
a capacitive sense signal from the plurality of 
sensor bars (105), and generate a position sig- 
nal indicative of a position of the touch, 

characterized in that 3S 
the arrangement (20) consists of said parallel bars 
(105)*and in that the control circuit is arranged to 
provide an excitation signal to each end of the plu- 
rality of sensor bars (105) at a first side (107) and 
a second side (109) of the arrangement (20), re- 40 
spectively, while receiving a capacitive sense signal 
from each end of the plurality of sensor bars (105) 
at the second side (109) and the first side (107) of 
the arrangement (20), respectively, in order to de- 
termine a closest bar (1 05) of the arrangement (20) *s 
of bars (105) in response to the capacitive sense 
signals, the closest bar (105) being a bar (105) 
nearest the touch, thereby determining a first posi- 
tion of the touch along the second axis, and to de- 
termine the second position along the first axis by so 
analyzing the capacitive sense signals from each 
end (107, 109) of the closest sensor bar (105). 

2. The capacitive touch sensor of claim 1 , further char- 
acterized in that, in use, the first axis is a horizontal ss 
axis and the second axis is a vertical axis. 

3. The capacitive touch sensor of claim 1 or 2, further 



characterized by ^Biting interface (28) coupled 
between the sensor bars (105) and the control cir- 
cuit (25). 

*. 

The capacitive touch sensor of claim 1 , 2 or 3, fur- 
ther characterized in that the control circuit (25) is 
coupled to the first side (107) of the sensor bars 
(105) via a set of N lines (120 A-H) and to the sec- 
ond side (109) of the sensor bars (105) via a set of 
M lines (130 A-G), wherein N and M are not equal. 

The capacitive touch sensor according to any of 
claims 1 to 4, including a capacitive touch screen 
for use with a display for providing images on a face, 
the touch screen situated proximate the face of the 
display, the control circuit (25) being arranged for 
generating a position signal indicative of the vertical 
and horizontal location of a touch proximate the 
touch screen. 

A method of locating a position of a touch on a touch 
sensor, the touch sensor including a control circuit 
(25) and an array (20) consisting of bars (1 05) being 
disposed parallel to a first axis, characterized by the 
steps of: 

providing excitations signals to each end of the 
bars at a first side (107) of the array (20), while 

receiving sense signals at each end of the bars 
at a -second side (109) of the array (20); 

providing excitation signals to each end of the 
bars at the second side (109) of the array (20), 
while 

receiving sense signals at each end of the bars 
at the first side (107) of the array (20)f and 

determining a first position of the touch along a 
second axis perpendicular to the first axis by 
determining a closest bar (105) in response to 
the sense signals, the closest bar (105) being 
a bar (1 05) nearest the touch; 

determining a second position of the touch 
along the first axis by analyzing a first closest 
sense signal received on the first side (107) of 
the array (20) associated with the closest bar 
(105) and a second closest sense signal re- 
ceived on the second side (109) of the array 
associated with the closest bar (1 05). 

The method of claim 6, further characterized in that 
the second position is calculated by dividing the first 
closest sense signal by a sum of the first closest 
sense signal and the second closest sense signal. 
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8. The method of claim 6 or 7, fui^^haracterized by 

determining a first bar (105) located below the 
closest bar (105) and a second bar (105) locat- 
ed above the closest bar of the array (20) of s 
bars (105) in response to the sense signal; and 

determining the first position of the touch along 
a second axis perpendicular to the first axis by 
analyzing a first bar sense signal of the sense io 
signals associated with the first bar (105) and 
a second bar sense signal of the sense signals 
associated with the second bar (105). 



B1 
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9. The method of claim 6, 7 or 8, further characterized is 
in that the closest bar (105) is determined by deter- 
mining a peak signal of the sense signals. 

10. The method of claim 7, further characterized in that 

the first position is determined by interpolating be- 20 
tween the first bar sense signal and the second bar 
sense signal. 

11. The method of claim 6, 7, 8, 9 or 10, further char- 
acterized in that sense signals for each sampled 2s 
pair of sense signals from the first side (107) and 

the second side (109) of the array are compared to 
the running average sample signal for that pair in 
order to determine whether the touch has occurred. 

30 

Patentanspruche 



1. Kapazitiver Beruhrungssensor (15) zum Erfassen 
einer Beruhrung, mit: 
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einer Mehrzahl von Sensorstreifen (1 05), die in 
einer Anordnung (20) mit Streifen (105) im we- 
sentlichen parallel zu einer ersten Achse und 
im wesentlichen senkrecht zu einer zweiten 40 
Achse angeordnet sind, und 

einer Steuerschaltung (25), die an die Mehrzahl 
von Sensorstreifen (105) angeschlossen ist, 
urn der Mehrzahl von Sensorstreifen (105) ein *s 
Anregungssignal zuzufuhren, ein kapazitives 
Lesesignal von der Mehrzahl der Sensorstrei- 
fen (105) zu empfangen und ein Positionssi- 
gnal zu erzeugen, das eine Position der Beruh- 
rung anzeigt, so 

dadurch gekennzeichnet, daG 
die Anordnung (20) aus den parallelen Streifen 
(105) besteht und daG die Steuerschaltung dazu 
ausgestaltet ist, ein Anregungssignal an jedes En- ss 
de der Mehrzahl von Sensorstreifen (105) an einer 
ersten Seite (1 07) und einer zweiten Seite (1 09) der 
Anordnung (20) zu liefern, wahrend ein kapazitives 



Lesesignal von jedem^Be der Mehrzahl yon Sen- 
sorstreifen (1 05) an der zweiten Seite (1 09) und der 
ersten Seite (107) der Anordnung (20) aufgenom- 
men wird, urn in Antwort auf die kapazitiven Lese- 
signale einen nachsten Streifen (105) der Anord- 
nung (20) der Streifen (105) zu bestimmen, wobei 
der nachste Streifen (105) ein Streifen (105) ist, der 
der Beruhrung am nachsten ist, wodurch eine erste 
Position der Beruhrung entlang der zweiten Achse 
bestimmt wird, und urn die zweite Position entlang 
der ersten Achse durch Analyse der kapazitiven Le- 
sesignale von jedem Ende (107, 1 09) des nachsten 
Sensorstreifens (105) zu bestimmen. 



2. Kapazitiver Beruhrungssensor nach Anspruch 1, 
weiter dadurch gekennzeichnet, daG im Betrieb die 
erste Achse eine horizontale Achse und die zweite 
Achse eine vertikale Achse ist. 

3. Kapazitiver Beruhrungssensor nach Anspruch 1 
Oder 2, gekennzeichnet durch eine auf freiem Po- 
tential liegende Schnittstelle (28), die zwischen die 
Sensorstreifen (105) und die Steuerschaltung (25) 
geschaltet ist. 

4. Kapazitiver Beruhrungssensor nach Anspruch 1 , 2 
Oder 3, weiter dadurch gekennzeichnet, daG die 
Steuerschaltung (25) an die erste Seite (107) der 
Sensorstreifen (105) uber einen Satz von N Leitun- 
gen (120A-H) und an die zweite Seite (109) der 
Sensorstreifen (105) uber einen Satz von M Leitun- 
gen (130A-G) angeschlossen ist, wobei N und M 
voneinander verschieden sind. 



Kapazitiver Beruhrungssensor nach einem der An- 
spruche 1 - 4, mit einem kapazitiven Beruhrungs- 
schirm zur Verwendung mit einer Anzeige zum Lie- 
fern von Bildern auf einer Oberflache, wobei der Be- 
ruhrungsschirm nahe der Oberflache der Anzeige 
angeordnet ist, wobei die Steuerschaltung (25) da- 
zu ausgestaltet ist, urn ein Positiohssignal zu erzeu- 
gen, das die vertikale und horizontale Position einer 
Beruhrung nahe an dem Beruhrungsschirm an- 
zeigt. 

Verfahren zum Lokalisieren einer Position einer Be- 
ruhrung auf einem Beruhrungssensor, wobei der 
Beruhrungssensor eine Steuerschaltung (25) und 
ein Feld (20) bestehend aus Streifen (105), die par- 
allel zu einer ersten Achse angeordnet sind, auf- 
weist, gekennzeichnet durch die Schritte: 

Bereitstellen von Anregungssignalen an jedes 
Ende der Streifen an einer ersten Seite (107) - 
des Feldes (20), wahrend 

Lesesignale an jedem Ende der Streifen an ei- 
ner zweiten Seite (109) des Feldes (20) emp- 
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fangen warden; 



* 



EP 0 727 875 B1 



24 



Bereitstellen von Anregungssignalen an jedem 
Ende der Streifen an der zweiten Seite (109) 
des Feldes (20), wahrend 

Lesesignale an jedem Ende der Streifen an der 
ersten Seite (107) des Feldes (20) empfangen 
werden; und 

Bestimmen einer ersten Position der Beruh- 
rung entlang einer zweiten Achse, die senk- 
recht zu der ersten Achse liegt, indem der nach- 
ste Streifen (105) in Antwort auf die Lesesigna- 
le bestimmt wird, wobei der nachste Streifen 
(105) ein Streifen (105) ist, der der Beruhrung 
am nachsten liegt; 

Bestimmen einer zweiten Position der Beruh- 
rung entlang der ersten Achse durch Analyse 
eines ersten nachsten Lesesignals, das an der 
ersten Seite (107) des Feldes (20) zugehorig 
zu dem nachsten Streifen (105) aufgenommen 
wurde, und eines zweiten nachsten Lesesi- 
gnals, das an der zweiten Seite (109) des Fel- 
des zugehorig zu dem nachsten Streifen (105) 
aufgenommen wurde. 

7. Verfahren nach Anspruch 6, weiter dadurch ge- 
kennzeichnet, da!3 die zweite Position berechnet 
wird, indem das erste nachste Lesesigna! durch ei- 
ne Summe des ersten nachsten Lesesignals und 
des zweiten nachsten Lesesignals geteilt wird. 

8. Verfahren nach Anspruch 6 Oder 7, weiter gekenn- 
zeichnet durch: 

Bestimmen eines ersten Streifen (105), der un- 
ter dem nachsten Streifen (1 05) liegt, und eines * 
zweiten Streifens (105), der oberhalb des nach- 
sten Streifens des Feldes (20) von Streifen 
(105) liegt, in Antwort auf das Lesesignal; und 

Bestimmen der ersten Position der Beruhrung 
entlang einer zweiten Achse, die senkrecht zur 
ersten Achse liegt, durch Analyse eines ersten 
Streifenlesesignals des Lesesignals zugehorig 
zu dem ersten Streifen (105) und eines zweiten 
Streifenlesesignals der Lesesignale zugehorig 
zu dem zweiten Streifen (105). 

9. Verfahren nach Anspruch 6, 7 Oder 8, weiter da- 
durch gekennzeichnet, daG der nachste Streifen 
(105) durch Bestimmen eines Spitzensignals der 
Lesesignale bestimmt wird. 

10. Verfahren nach Anspruch 7, weiter dadurch ge- 
kennzeichnet, daGdie erste Position durch Interpo- 
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lation zwischen d^^^ten Streifenlesesignal und 
dem zweiten Streifenlesesignal bestimmt wird. 

11. Verfahren nach Anspruch 6, 7, 8, 9 Oder 10, weiter 
dadurch gekennzeichnet, daG Lesesignale fur je- 
des ausgewahlte Paar von Lesesignalen von der er- 
sten Seite (107) und der zweiten Seite (109) des 
Feldes mit dem mittleren Auswahlsignal fur dieses 
Paar verglichen wird, urn festzustellen, ob eine Be- 
rOhrung aufgetreten ist. 
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Rovendlcation8 

1 . Capteur k effleurement capacitif (15) permettant de 
detector un effleurement, incluant 

une plurality de barres de detection (105) con- 
figures selon un agencement (20) incluant des 
barres (105) essentiellement paralieies k un 
premier axe et essentiellement perpendiculai- 
res k un deuxi&me axe, et 
un circuit de commande (25) couple k ladite 
plurality de barres de detection (105) afin de 
fournir un signal d'excitation k la plurality de 
barres de detection (1 05), de recevoir un signal 
de detection capacitif de la plurality de barres 
de detection (105), et de g6n6rer un signal de 
position r6veiateur d'une position de I'effleure- 
ment, 

caracterise en ce que I'agencement (20) est cons- 
titue desdites barres parall&les (105) et en ce que 
le circuit de commande est fait pour produire un si- 
gnal d'excitation k chaque extremite de la plurality 
de barres de detection (1 05) au niveau d'un premier 
cfite (107) et d'un deuxifcme cfite (109) de I'agen- 
cement (20) respectivement, tout en recevant un si- 
gnal de detection capacitif de chaque extremite de 
la plurality de barres de detection (105) au niveau 
du deuxifcme c6t6 (109) et du premier c6t6 (107) de 
I'agencement (20), respectivement, afin de deter- 
miner une barre (105) la plus proche de I'agence- 
ment (20) de barres en r6ponse aux signaux de de- 
tection capacitif s, la barre ( 1 05) la plus proche ( 1 05) 
6tant une barre (105) situee le plus pr&s de Peffleu- 
rement, ce qui permet de determiner une premiere 
position de Peffleurement suivant le deuxifcme axe, 
et afin de determiner la deuxfeme position suivant 
le premier axe en analysant les signaux de detec- 
tion capacitifs de chaque extr6mite (107, 109) de la 
barre de detection la plus proche (105). 

2. Capteur k effleurement capacitif selon la revendi- 
cation 1, cafact6rise en outre en ce que, en fonc- 
tionnement, le premier axe est un axe horizontal et 
le deuxieme axe est un axe vertical. 
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3. Capteur k effleurement c^QpPif selon la revendi- " 7. 
cation 1 ou 2, caracterise en outre par une interface 
flottante (28) couple entre les barres de detection 
(105) et le circuit de commande (25). 

5 

4. Capteur k effleurement capacitif selon la revendi- 
cation 1 , 2, ou 3, caracterise en outre en ce que le 
circuit de commande (25) est couple au premier cd- 
te (1 07) des barres de detection (1 05) par I'interm6- 
diaire d'un ensemble de N lignes (120 A-H) et au 10 
deuxieme cdte (109) des barres de detection (105) 
par I'intermediaire d'un ensemble de M lignes (130 
A-G), dans lequel N et M ne sont pas egaux. 

5. Capteur k effleurement capacitif selon Tune quel- is 
conque des revendications 1 k 4, incluant un ecran 
tactile capacitif k utiliser avec un afficheur permet- 
tant de fournir des images sur une surface, P6cran 

. tactile situe k proximity de la surface de I'afficheur, 
le circuit de commande (25) etant fait pour produire 20 
un signal de position rev6lateur de la localisation 
verticale et horizontale d'un effleurement k proximi- 
ty de recran tactile. 

6. Procede de localisation d'une position d'un effleu- 25 
rement sur un capteur k effleurement, le capteur k 
effleurement incluant un circuit de commande (25) 
et un reseau (20) se composant de barres (1 05) dis- 
poses paralieiement k un premier axe, caracterise 
par les Stapes consistant k: 30 

10. 

foumir des signaux d'excitation k chaque extre- 
mite des barres au niveau d'un premier cdte 
(107) du reseau (20), tout en recevant des si- 
gnaux de detection k chaque extremite des bar- 35 
res au niveau d'un deuxieme cdt6 (109) du rd- 
seau (20); 11. 
foumir des signaux d'excitation & chaque extr6- * 
mite des barres au niveau du deuxieme cdte 
(109) du reseau (20), tout en recevant des si- *o 
gnauxde detection & chaque extremite des bar- 
res au niveau du premier cdte (107) du reseau 
(20); et 

determiner une premiere position de I'effleure- 
ment suivant un deuxieme axe perpendiculaire *s 
au premier axe en determinant une barre !a 
plus proche (105) en reponse aux signaux de 
detection, la barre la plus proche (105) etant 
une barre (105) situ6e le plus pr£s de I'effleu- 
rement; so 
determiner une deuxieme position de Peffleure- 
ment suivant le premier axe en analysant un 
premier signal de detection le plus proche re$u 
sur le premier cdte (107) du reseau (20) asso- 
cie k la barre la plus proche (1 05) et un deuxie- ss 
me signal de detection le plus proche regu sur 
le deuxieme cdte (109) du reseau associe k la 
barre la plus proche (105). 
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Proced6 selon la^Wndication 6, caracteris6 en 
outre en ce que la deuxieme position est calcuiee 
en divisant le premier signal de detection le plus 
proche par une somme du premier signal de detec- 
tion le plus proche et du deuxieme signal de detec- 
tion le plus proche. 

Proc6de selon la revendication 6 ou 7, caracterise 
en outre par 

la determination d'une premiere barre (105) 
places au-dessous de la barre la plus proche 
(105) et une deuxieme barre (105) placee au- 
dessus de la barre la plus proche du reseau 
(20) de barres (105) en reponse au signal de 
detection, et 

la determination de la premiere position de I'ef- 
fleurement suivant un deuxieme axe perpendi- 
culaire au premier axe en analysant un premier 
signal de detection de barre des signaux de de- 
tection associe k la premier barre (105) et un 
deuxieme signal de detection de barre des si- 
gnaux de detection associe k la deuxieme bar- 
re (105); 

Procede selon la revendication 6, 7, ou 8, caracte- 
rise en outre en ce que la barre la plus proche (1 05) 
est d6terminee en determinant un signal de crate 
des signaux de detection. 

Procede selon la revendication 7, caracterise en 
outre en ce que la premiere position est determinee 
en faisant une extrapolation entre le premier signal 
de detection de barre et le deuxieme signal de de- 
tection de barre; 

Proc6de selon la revendication 6, 7, 8, 9 ou 10, ca- 
racterise en outre en ce que les signaux de detec- 
tion pour chaque paire echantiilonnee de signaux 
de detection du premier cdte (107) et du deuxieme 
cdte (109) du reseau sont compares au signal 
d'6chantillonnage moyen courant de cette paire afin 
de determiner si Teffleurement s'est produit. 
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